ABSTRACT. Presentation of antigen with immune stimulating "signal" has been a cornerstone of vaccine design for decades. Here, the antigen plus immune "signal" of vaccines is modified to produce antigen-specific immunotherapies (antigen-SITs) that can potentially reprogram the immune response toward tolerance of an autoantigen. The codelivery of antigen with a cell adhesion inhibitor using Soluble Antigen Arrays (SAgAs) was previously shown to slow or halt experimental autoimmune encephalomyelitis (EAE), a murine form of multiple sclerosis (MS). SAgAs are comprised of a hyaluronic acid backbone with cografted intercellular cell adhesion molecule-1 ligand derived from α L -integrin (CD11a 237-246 , "LABL") and an encephalitogenic epitope peptide of proteolipid protein (PLP 139-151 , "PLP"). Here, the physical characteristics of the carrier were investigated to evaluate how structure, size, and solubility drive the immune response when treating EAE. A bifunctional peptide (small, soluble), SAgAs (large, soluble), and PLGA nanoparticles (large, insoluble) all displaying PLP and LABL in equimolar ratios were compared. Maximum EAE suppression was achieved with coincident display of both peptides on a soluble construct.
INTRODUCTION
Investigations into the molecular processes involved in antigen recognition have led to new approaches in the design and administration of vaccines (1, 2) . Traditionally, vaccines generate a robust immune response to a particular antigen by adsorbing the antigen to an alum particle surface (3) (4) (5) . Though individual alum particles are quite small (10-50 nm), in solution they form insoluble agglomerates that have a typical size range of 1-10 μm to which the antigen of interest is presented on the surface (6) . Protection is achieved when these insoluble alum particulates initiate an inflammatory response against the adsorbed antigen (7, 8) . Efforts to optimize alum vaccines investigated the influence of agglomerate particle size on the physical and thermal stability of the vaccine as well as the ability to adsorb antigen (9, 10) . Newer vaccine approaches have considered directing specific molecular responses involved in inflammation through the use of lipids, toll-like receptor mimics, and nano-and microparticle approaches (7, (11) (12) (13) (14) . The physical characteristics of vaccines is known to play a major role in defining the protective immune response that is generated, suggesting physical properties may also be important when attempting to induce tolerance to autoantigen.
While seemingly very different, vaccines and autoimmune therapeutics often share similarities based on the fundamentals of how the body recognizes and responds to a given antigen. Vaccines prepare the body for exposure to a particular antigen through innate and adaptive immune responses. "Antigen-specific immunotherapies" (antigenSITs) also use antigen, most notably in the form of subcutaneous allergy shots. The antigen-SIT approach has also been investigated to reverse the root cause of autoimmune disease by repeatedly injecting low doses of autoantigen (15) (16) (17) (18) .
Defining underlying events during antigen recognition has led to advancements in autoimmune disease treatment (19, 20) . In the autoimmune disease multiple sclerosis (MS), the disease state results from antigen-specific activation of immune cells leading to neural degeneration and attack on the central nervous system (CNS) (21, 22) . The majority of MS therapeutics broadly suppress the inflammatory response despite severe side effects (23) . Antigen-SITs have been developed to reprogram the immune response to the offending antigen, which is the root cause of many autoimmune diseases (15) . Antigen-SITs may be improved by adding a signal that disrupts the immune signaling pathways during antigen presentation. This has been shown in previous studies where the codelivering antigen plus a molecule directing the immune response can provide protection or tolerance (24) (25) (26) .
Most autoimmune therapies are soluble proteins or antigen-based polymers. Natalizumab marketed as TYSABRI®, is a soluble,~150 kDa, anti-α4 integrin antibody that can prevent activation of CD4 + T cells and lymphocyte recruitment (27) (28) (29) . Another approved therapy, Copaxone®, is a soluble polymer (~5-9 kDa) that contains repeats of autoantigen derived from myelin basic protein. It is hypothesized that polymeric presentation of myelin-specific antigen in Copaxone® helps to promote tolerance by inducing antigen-specific regulatory T-cells (18, 30, 31) . Allergy shots provide frequent low doses of soluble antigen to induce antigen-specific tolerance in patients (32) (33) (34) (35) . Thus, approved immunotherapies tend toward soluble proteins or peptides. In addition to solubility, the physical size of the therapy or carrier is important (24, 25) .
We investigated the structure, size, and solubility of carriers codelivering autoantigen derived from proteolipid protein (PLP 139-151 , "PLP") and an intercellular cell adhesion molecule-1 ligand peptide derived from α L -integrin (CD11a 237-246 , "LABL"). Different constructs, codelivering PLP and LABL were synthesized to exhibit discrete properties. A bifunctional peptide inhibitor (BPI) is small and soluble (~3 kDa), achieved by covalently linking PLP and LABL with a short peptide spacer. Soluble Antigen Arrays (SAgAs) are large and soluble constructs (45 and 65 kDa) with PLP and LABL grafted to hyaluronic acid (HA). PLGA nanoparticles are much larger (500 nm) and insoluble with PLP and LABL conjugated to the surface. Each of these structures were compared to assess which scaffold suppressed experimental autoimmune encephalomyelitis (EAE).
MATERIALS AND METHODS

Materials
Hyaluronic acid, with an average molecular weight of 16 and 31 kDa was purchased from Lifecore. Analytical-grade acetonitrile and synthesis grade trifluoro acetic acid (TFA) were purchased from Fisher Scientific. Research-grade sodium acetate, acetic acid, and D 2 O were purchased from Sigma. Water was provided by a Labconco Water PRO PS ultrapure water purification unit. Poly(DL-lactic-coglycolic acid) (50:50) (PLGA; inherent viscosity of 1.05 dL/g, Mw~101 kDa) was purchased from LACTEL Absorbable Polymers International (Pelham, AL, USA). Pluronic® F68 (Mw~8.4 kDa) and Pluronic® F108 (Mw~14.6 kDa) were obtained from BASF Corporation. Acetone, diethyl ether and 1× Tris/EDTA buffer solution (pH 8) were obtained from Fisher Scientific.
D-mannitol, Dess-Martin periodinane, tert-butyl carbazate (TBC), trinitrobenzenesulfonic acid (TNBS), dichloromethane anhydrous (DCM) and Triton X-100 were purchased from Sigma-Aldrich.
Mice
SJL/J (H-2s) female mice, 4-6 weeks old, were purchased from The Jackson Laboratory, and they were housed under specific pathogen-free conditions at the University of Kansas. All protocols involving live mice were approved by the Institutional Animal Care and Use Committee.
Peptide Synthesis
Aminooxy peptides were synthesized using 9-fluorenylmethyloxycarbonyl-protected amino acid chemistry on polyethylene glycol-polystyrene resins. The peptides s y n t h e s i z e d w e r e a m i n o o x y -L A B L ( a m i n o o x y -ITDGEATDSG, Ao-LABL), a cell adhesion ligand antagonist, and aminooxy-PLP (aminooxy-HSLGKWLGHPDKF, Ao-PLP), an antigen derived from proteolipid protein amino acids 139-151. Peptides were deprotected, cleaved from resin, and isolated by precipitation in ether. Purification was completed using preparatory high-performance liquid chromatography (HPLC) followed by lyophilization. Peptide identity was verified and purity/content was assessed using analytical HPLC and mass spectroscopy.
Reaction of Aminooxy Peptides to Polymers
Hyaluronic acid polymer (~16,000 or 31,000 MW) was dissolved into 20 mM acetate buffer (pH 5.5±0.1 pH units) and aminooxy reactive peptide(s) added. When LABL and PLP peptides were to be used, each was weighed separately, the lyophilized peptide powders mixed, and then added simultaneously. After addition of the peptide(s), the pH of the reaction solution was adjusted to pH 5.5±0.1 pH units. Solutions were stirred at 500 RPM using magnetic stir bars for~16 h. Once complete, the soluble antigen array (SAgA PLP:LABL ) or PLGA nanoparticle products were purified by extensive dialysis to remove any unreacted peptide, and then purified product solutions were lyophilized.
Conversion of Terminal Hydroxyl Groups to Terminal Aldehyde Groups on Pluronic® F108
To conjugate peptide to Pluronic® on PLGA nanoparticles, the terminal hydroxyl groups were converted to aldehyde groups 33 . Briefly, the Dess-Martin periodinane, an oxidizing reagent, was used to convert hydroxyl groups on Pluronic®F108 (Pluronic®F108-OH) into aldehyde groups (Pluronic®F108-CHO). One gram Pluronic®F108-OH was dissolved in 30 mL DCM. Subsequently, 58.1 mg Dess-Martin periodinane was added and reacted for 24 h at room temperature. The product was purified by precipitation in cold diethyl ether, followed by filtration. The obtained Pluronic®F108-CHO was verified by nuclear magnetic resonance spectroscopy ( 1 H-NMR). Deuterated chloroform (CDCl 3 ) was used to dissolve the samples. The conversion percentage was determined using TBC/TNBS. An excess amount of TBC was added to the Pluronic®F108-CHO solution as described and the amount of unreacted TBC was measured using TNBS solution. A UV/VIS Spectrophotometer (SpectraMax) operating at 334 nm was employed to quantify the colored mixture of TBC and TNBS (33) (34) (35) .
Preparation of PLGA Nanoparticles
A solvent displacement method was employed to prepare PLGA nanoparticles (NPs) (36, 37) . Briefly, PLGA (inherent viscosity 1.05 dL/g) was dissolved in acetone (15 mg/mL). A mixture of 1,425 μL of PLGA solution and 75 μL 1× Tris/EDTA buffer solution was injected into a 15 mL water phase containing 0.1% w/v Pluronic® (Pluronic® F108-CHO:Pluronic® F68-OH (25:75 and 0:100)) using a syringe pump (10 mL/h) while stirring (1,000 rpm). Stirring was continued for 1.5 h and then excess surfactant was removed by centrifugation (15,000 rpm, 15 min, 4°C) for 3 cycles, resuspending in water between cycles. During the wash and concentrating steps, sonication was performed to disperse NPs using sonication bath (Branson 2510 ultrasonic cleaner). The 25:75 Pluronic® ratio was used for fabrication of NPs with conjugated PLP (NPArray PLP ), LABL (NP-Array LABL ), or PLP/LABL (NPArrayLABL-PLP). The 0:100 Pluronic® ratio was used as the control (NP-Blank) without any peptide conjugation.
Conjugation of Peptides to PLGA Nanoparticles
Stock solutions of 2 mg/mL of PLP and LABL peptides were separately prepared. To prepare NP-Array PLP , 3.99 mL of PLP stock was added to 102.27 mg NPs in 3.52 mL of water. For NP-Array LABL preparation, 2.6 mL of LABL stock was added to 112.5 mg NPs in 3.2 mL of water. Finally, to prepare the NP-Array LABL-PLP , 3.6 mL of PLP stock and 2.34 mL of LABL stock were added to 227.84 mg NPs in 2.844 mL water. The volume of each sample was increased to 50 mL using ddH 2 O. The volume of NP-Blank sample was also increased up to 50 mL as well (227.84 mg NPs). The samples reacted overnight and unreacted peptide was removed by centrifugation (15,000 rpm, 15 min, 4°C) for 3 cycles, resuspending in water between cycles.
High-Performance Liquid Chromatography
Quantification of free peptide post reaction was accomplished by gradient reversed phase HPLC (SHIMADZU) using a Vydac HPLC protein and peptide C18 column. HPLC system was composed of an SCL-20A SHIMADZU system controller, LC-10AT VP SHIMADZU liquid chromatograph, SIL-10A XL SHIMADZU auto-injector set at 75 μL injection volume, DGU-14A SHIMADZU degasser, sample cooler, and SPD-10A SHIMADZU UV/vis detector (220 nm). A personal computer equipped with SHIMADZU class VP software controlled the HPLC-UV system. Gradient elution was conducted at constant flow of 1 mL/min, from 100% A to 35% A (corresponding to 0% B to 65% B) over 50 min, followed by an isocratic elution at 75% B for 3 min. Mobile phase compositions were (A) acetonitrilewater (5:95) with 0.1% TFA and (B) acetonitrile-water (90:10, v/ v) with 0.1% TFA. At the completion of each analysis, the cartridge was equilibrated at initial conditions at 1 mL/min flow rate for 5 min with A.
Gel Permeation Chromatography
The relative molecular weight of the HA and of the HAArrays was estimated using a Viscotek GPC max VE 2001 GPC solvent/sample module, VE 3580 refractive index detector, and 270 Dual Detector with right angle light scattering. To achieve sample separation a tandem column setup of two Viscogel, GMPWxl grade, columns (Viscotek) was used, at a flow rate of 1 ml/min with isocratic elution in water for 30 min.
Calculation of Peptide Density on the Surface of NPs
Peptide surface density was calculated by subtracting the amount of recovered peptide after conjugation from the amount of peptide added to the NP suspension. This value was then divided by the total surface area assuming a normal Gaussian particle size distribution. NP-Blank suspension was used as a negative control. PLP and LABL at molar ratios of 100:0, 50:50, and 0:100 were added to the negative controls at the same concentration as samples in which reactive sites were available as an additional control.
Induction of EAE and Therapeutic Study
Five-to 7-week-old SJL/J female mice were immunized subcutaneously (s.c). with 200 mg of PLP 139-151 in a 0.2 ml emulsion composed of equal volumes of phosphate-buffered saline (PBS) and complete Freund's adjuvant (CFA) containing killed Mycobacterium tuberculosis strain H37RA (final concentration of 4 mg/ml; Difco). The PLP 139-151 / CFA was administered to regions above the shoulders and the flanks (total of four sites; 50 μL at each injection site). In addition, 200 ng/100 μL of pertussis toxin (List Biological Laboratories Inc.) was injected intraperitoneally (i.p.) on the day of immunization (day 0) and 2 days post-immunization. The mice received s.c. injections of each sample, equivalent to 100 nmol PLP/100 μL, on days 4, 7, 10. All NP samples were sonicated to disperse NPs before injection. For HA samples and controls, 100 μL of each vehicle was injected. For NP vehicles, 400 μL solution was used to assure suspension stability. Disease progression was evaluated blindly by the same observer using clinical scoring as follows: 0, no clinical signs of the disease; 1, tail weakness or limp tail; 2, paraparesis (weakness or incomplete paralysis of one or two hind limbs); 3, paraplegia (complete paralysis of two hind limbs); 4, paraplegia with forelimb weakness or paralysis; and 5, moribund (mice were euthanized if they were found to be moribund). Body weight was also measured daily.
Statistical Analysis
Statistical difference was determined by comparing treated groups to the negative control (PBS) for clinical disease score and body weight. Data was analyzed with a oneor two-way analysis of variance (ANOVA) as experimentally appropriate followed by Fisher's least significant difference post hoc test. A p<0.05 was considered the threshold of statistical significance. All analyses were performed using GraphPad Software (GraphPad Software Inc.).
RESULTS
Characterization of Soluble Antigen Arrays
SAgAs were analyzed for relative molecular weight (MW) and peptide concentration as previously reported (26) . The concentration of conjugated peptide was determined by HPLC (Table I) . To evaluate the change in relative MW of the SAgAs compared to the starting materials, gel permeation chromatography (GPC) was employed and products were compared to starting HA material and pullulan standards. The SAgAs showed the appropriate shift in retention time indicating an increase in MW equal to that of the number of grafted peptides determined by HPLC. The combination of the HPLC and GPC data also showed the desired 1:1 ratio of PLP and LABL peptides was achieved MW relative to pulluan standards was calculated as previously reported (Table I) (26, 38) .
Conversion of Terminal Hydroxyl Groups to Terminal Aldehyde Groups on Pluronic® F108
The hydroxyl groups of Pluronic® were converted to aldehyde groups in order to utilize Pluronic® for conjugation to the terminal aminooxy of the PLP and LABL peptides. Pluronic® F108-CHO with aldehyde groups were prepared by the Dess-Martin oxidation reaction. To confirm conversion, 1 H NMR spectra were collected before and after the reaction. The signal corresponding to the aldehyde group (δ=9.75) appeared which indicated the conversion of hydroxyl groups to aldehyde groups (Supplementary Figure 1) (39) . The yield of the conversion was also determined via a colormetric TBC/ TNBS assay (74.0%) (40, 41) .
Characterization of Nanoparticle Arrays
Reversed phase HPLC was used to quantify the amount of peptide conjugated to NPs and values (Table I) . NPs were centrifuged from solution and the amount of unreacted peptide was quantified from the supernatant. Blank NPs and empty vials were used as controls to ensure that peptide was not being adsorbed to surfaces non-specifically. All NP groups targeted a dose of~100 nMol per 400 μL (Fig. 1a) . Additionally, the peptide density on the surface of NPs was calculated, as previously reported, based on the total NP surface area, assuming a normal Gaussian particle size distribution (Fig. 1b) (42, 43) . The NP PLP:LABL had a 1:1 ratio of both peptides on the surface. For the nanoparticles displaying only one of the peptides, the grafting density of both the NP PLP and the NP LABL were statistically similar (Table I) . Blank NP 419 nm − − n/a n/a MW of arrays was determined using SEC as reported in the "MATERIALS AND METHODS" section a Size (diameter) of NP was determined using light scattering
Backbone Scaffold Size and Structure Affect Degree of EAE Suppression In Vivo
The therapeutic efficacy of BPI, SAgAs, and NP-Arrays were evaluated in the EAE murine model of MS. A summary of the test articles is shown in Table I . Disease onset typically begins after day 8 and progresses to remission after day 20 in the EAE model; therefore, the weights are normalized to the day 8 value for all mice. Upon disease onset, the mice show disease signs such as weakness, paralysis of their tail and limbs, and loss of body weight. Measurements grading the extent of paralysis are used to evaluate clinical score and accompany the weight measurements.
Previous studies showed that subcutaneous injection of SAgAs (HA grafted with PLP and LABL peptides) suppressed EAE in vivo (26) . Here, the effect of the size of HA backbone was explored. A 16.9 kDa HA and a 32.0 kDa HA were used to produce the 45-kDa S AgA P L P : L A B L and 65-kDa SAgA PLP:LABL , respectively. The relative MW was determined using GPC. Additionally, the much smaller fusion peptide, BPI PLP:LABL , was evaluated. All BPI and SAgA treatments showed significant suppression of EAE disease score (p<0.05) for days [11] [12] [13] [14] [15] [16] [17] (Fig. 2a) . The smaller 45 kDa SAgA PLP:LABL maintained body weight longer (days 11-17) than the larger 65 kDa SAgA PLP:LABL (days [11] [12] [13] [14] [15] and longer than the much smaller BPI PLP:LABL (days 11-15) as shown in Fig. 2b . Additionally, the 45-kDa SAgA PLP:LABL delayed EAE disease onset for 2 days longer than other treatments and had a lower overall incidence of disease (Supplementary Figure 2) . Furthermore, free peptides alone (PLP and LABL), a mixture of these free peptides with HA, and PLP or LABL individually grafted to HA were all previously shown to have no effect when treating EAE (26, 44) .
To further probe the importance of structure, PLGA NPs were tested as the carrier. The large, insoluble nanoparticle offers a scaffold more similar to colloidal adjuvants such as alum. NPs with only PLP or LABL grafted to the surface were examined. Surprisingly, NPs with only PLP or only LABL had little to no effect on clinical score or weight change when compared to PBS and to the soluble HA scaffold (Fig. 3) . The NP PLP:LABL array was then compared to the soluble 45 kDa SAgA PLP:LABL and to much smaller BPI PLP:LABL , which had already demonstrated efficacy. The 45-kDa SAgA PLP:LABL and BPI PLP:LABL suppressed EAE scores for days 12-14 of the study, but the NP PLP:LABL only suppressed the disease on day 12 (Fig. 4a) . The percent weight change data showed NP PLP:LABL arrays maintained body weight (Days 12-16) for a similar duration as the 45-kDa SAgA PLP:LABL and BPI PLP:LABL (Days 12-15) when compared to PBS (Fig. 4b) . NPs prepared without peptides were also tested and showed no statistical difference in clinical score or percent weight change when compared to control (Supplementary Figure 3) .
DISCUSSION
The induction of immune response by presentation of antigen on or with immune stimulating "signal" is a primary design metric of vaccines. We rationalized that a similar strategy could also be used to design antigen-SITs to induce tolerance to autoantigen. Both approaches focus on the recognition, attack, and removal of a "foreign material" through stimulation and specific activation of subpopulations of immune cells by presentation of specific antigen. In autoimmune diseases, the antigen is autologous. For example, myelin surrounding the nerves in the CNS and destruction leads to paralysis and eventually death (17) . Similarities between "vaccine induced" and "autoimmune disease induced" antigen attack, suggest we may be able to learn from emerging vaccine strategies in our design of tolerogenic therapies.
Current vaccine development focuses on directing specific molecular responses involved in inflammation and the effect of altering the physical characteristics of adjuvants that define the protective immune response (7, (11) (12) (13) (14) . Optimal immune protection is often achieved with larger (500 nm-5 μm), insoluble constructs that can entrap or adsorb antigen (7) . Similarly, antigen-SITs utilize antigen or autoantigen to hyposensitize immune response. Vaccines tend to have similar physical characteristics, existing as insoluble colloids or Fig. 3 . Both HA and NP carriers displaying only one peptide were not effective in EAE. EAE was induced in SJL mice (day 0) and were subsequently treated with arrays displaying only PLP or LABL along HA and NP carriers as well as a PBS control on days 4, 7, and 10. All samples showed no statistical difference when compared to PBS in clinical score or % weight change. Data is expressed as mean±SD, n=6 animals per group emulsions that deliver antigen and an adjuvant to stimulate an inflammatory immune response. The most effective antigen-SITs also tend to share physical similarities of small size (10-200 kDa) and solubility in water (31, 35, 45) .
One currently approved therapy for multiple sclerosis, Copaxone®, a synthetic copolymer glatiramer acetate, focuses on disrupting autoantigen recognition events. Alternatively, another therapy, TYSABRI®, an anti-α4 integrin antibody, aims to disrupt the recruitment and translocation of immune cells. Both therapies show clinical success in halting the activation of CD4 + T cells and lymphocyte recruitment, but target very different pathways (e.g. "signal" recognition or stimulation) (28, 29) . TYSABRI® is non-specific and leads to unwanted immunosuppressive effects and the effectiveness of Copaxone® has been questioned (17, 19, 27) . Enhancing the specificity of these types of therapies (e.g., by combining them) could reduce side effects and improve potency.
Current strategies target either antigen-specific hyposensitization or disruption of costimulation "signal". Antigenspecific strategies attempt to generate Th2 immunity and/or induce tolerance (T reg ) by altering recognition of modified antigens (46, 47) . The use of altered peptide ligands (APL), splenocytes coupled with myelin basic protein (MBP)-or PLP-derived peptides, or soluble MHC-PLP 139-151 constructs have all produced positive results (48) (49) (50) (51) (52) (53) (54) . Conversely, strategies that target costimulation often aim to disrupt cell adhesion or molecular signaling events through the use of monoclonal antibodies such as anti-CD28 fAb (55) and anti-CD40L antibody (27, 56) . Both the antigen-SIT and disruption of costimulation provide some level of therapeutic benefit and most of these therapies share physical attributes (soluble polymers, proteins, or constructs less than 200 kDa).
Combining these strategies may offer an opportunity for antigen-specific disruption of costimulation to hyposensitize patients to autoantigens or even induce tolerance. Previously, we showed the codelivery of antigen plus an inhibitor of immune cell adhesion cografted to a polymer backbone induced tolerance to the antigen (26, 38, 44) . We suspected that efficacy would be linked to the physical properties of these "antigen arrays", thus prompting exploration of size and solubility of carriers that codeliver PLP and LABL. Treatment with covalently linked PLP antigen and LABL peptide via a bifunctional peptide (BPI) suppressed EAE (29, 57, 58) . Both the BPI PLP:LABL and the graft copolymer SAgA PLP:LABL were effective, yet their size and structure were quite different. Next, two sizes of SAgA PLP:LABL , 45 and 65 kDa were synthesized, to determine if there was an effect on EAE suppression. The smaller 45 kDa SAgA PLP:LABL did not extend suppression of EAE when compared to other treatments, it did however delay onset of disease by 2 days and extended the maintenance of weight in the animals. This difference could be due to the ability of the smaller SAgA PLP:LABL to move away from the injection site more rapidly than the larger SAgA PLP:LABL . Polymers of this size may also drain with interstitial fluid through regional lymph nodes instead of entering the systemic circulation from the injection site, whereas BPI PLP:LABL (~3 kDa) may directly enter the circulation due to its much smaller size.
Size and solubility of "antigen arrays" was further evaluated by using 400 nm PLGA particles. These particles are much larger than the SAgA PLP:LABL and BPI PLP:LABL and they are insoluble. NP displaying only the PLP antigen or only LABL cell adhesion inhibitor peptide did not significantly suppress EAE. The NP PLP:LABL showed very slight disease suppression, however, this was clearly not as effective as the BPI PLP:LABL or SAgA PLP:LABL treatments. Similar to vaccine strategies, the presence of both the PLP "antigen" and LABL "adjuvant" was not sufficient to reduce EAE symptoms; the physical characteristics of the carrier play an essential role in efficacy. Finally, NP treatments typically produced nodules at the injection site (clinical observation), suggesting these materials did not transport, at least during the disease observation period. Our studies suggested small, soluble carriers displaying both peptides provided the greatest activity; however, further studies are needed to determine the biodistribution and molecular mechanisms of these arrays post-injection.
CONCLUSIONS
Antigen-SITs that combined delivery of antigen with delivery of an immune cell adhesion inhibitor peptide were synthesized using carriers that varied in structure, size, and solubility. These antigen-SITs were tested in EAE, a murine model of MS. Co-delivery of both antigenic peptide (PLP) and cell adhesion inhibitor (LABL) significantly suppressed clinical scores compared to no treatment regardless of carrier structure and size. When peptides were conjugated to a small, soluble carrier, disease suppression was improved. In vivo data also showed that disease suppression required the presence of both PLP and LABL. These results support previous studies where codelivery of conjugated antigen and a secondary "context" signal were necessary to ameliorate EAE. Unlike vaccines which often use an insoluble adjuvant to induce a protective immune response, solubility may play an important role when attempting to hyposensitize or induce tolerance to autoantigen. The effect of structure, size, and solubility of "antigen arrays" on the drainage rate away from the injection site and into adjacent compartments such as lymphatic or systemic circulation should be further investigated.
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